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Course Schedule (1)

Date Text Contents
#1 June 11 1,7 Introduction to wireless communication systems
#2 June 14 | 2, 5, etc | Link budget design of wireless access
#3 June 18 Up/down conversion and equivalent baseband
system
#4 June 21 | 3.3, 3.4 | Digital modulation and pulse shaping
#5 |June 25 | 3.5 Demodulation and matched filter
#6 | June 28 Collaborative exercise for better understanding 1
#7 July 2 3.5 Detection and error due to noise
#8 | July 5 4.4 Channel fading and diversity combining
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From Previous Lecture

* Equivalent baseband system
Vo(t)= [ 1y (D)5t - 1)z

v (1) =y, (t)e > ya(t) = y(t)+ jhilb(y(1))
* Power spectrum of transmit signal
S 1 S S
S ()= (S50 =)+ S5 1= 1)
* Power spectrum of receive signal

Sy(f)=|Hs (1) S5(f)
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Contents

« Structure of transmitter
« Amplitude shift keying
* Phase shift keying

* Frequency shift keying
* Pulse shaping

* Experiments
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Transceiver System

———————————————————————————————————————————————————————————————

" Transmitter | 5 Receiver
; RF signals .
Carrier freq fO / \\ § Carrier freq. fO
5B (t) Y/\:7 ( l ) X Down E/yB (t)
1’: converter | | %\5 CW .

h(f)

Impulse response

____________________________________________________________

Baseband signals
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Transmitter
/() @

(t) g (t ) Sk (f )
°plt) . . Y
M(t) Digital Pulse D/A Analog
modulation shaping D/A modulation
Message signal Message sequence Modulation order & bit rate

1, 1f symbol 1 M =2
t =E olt—nT a = —
() - G ( ns\) " {O, if symbol 0 R=log, M =1

L. , Symbol period
Digital modulation

. * Amplitude
Sp (7) :SDI(t)+]SDQ(t) :f(m(f))  Phase
AN - Frequency
Pulse shaping Mapping function
. * Rectangular
g (1) = 5p; (1) + JSBQ (1) = jg(T)SD (t—7)dr * Nyquist
N  Gaussian
Pulse shape

June 21, 2018 Wireless Communication Engineering 6



Transmitter @Cos(m £)

/() g0)  s.@)

Sp (?) %
M(t) Digital Pulse D/A Analog S(t)
modulation shaping |___, D/A — modulation
/\ |Q modulator
Analog modulation i
g P Carrier fr.eq. - \
(1) = 55, (1) COS(2T ft) = S, (£)SIN(2 f 1) 5o (t @_l
o X
In-phase () Quadrature (Q) y s(?)
% _l +H—
3 . .. Spo (£)
= Re(s,() + jspo (1)) (cosm fy) + jsinr fy1) | )

Complex baseband signal \ /

= Re|r(n)exp(jO@))exp(j27fyt)| = r(t)cos2a fyt +6(1))
Amplitude Frequency Phase
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Design of Modulation & Pulse Shaping

Carrier freq.  f

Symbol period T,

Modulation order M
Modulation  £(:)

Pulse shape g(?)

AP
4maN,f,y,

Coverage d, = \/

Bandwidth B« %

log, M
T.

S

Data rate

Power efficiency, complexity,
error rate p,

Power leakage
Sa(f)=|GCHI SH(F)

June 21, 2018 Wireless Communication Engineering 8



Amplitude Shift Keying (ASK)

Digital modulation Message sequence

Sp () = s, (2) = m(2) 1
Pulse shaping (rectangular) %;05
55(0) = | grea(D)sp (1= 7)d7 o N —
0 1 2 3 4 )
_ z ag.. (t—n T ) Time t/T_
" RF signal
Analog modulation LHFI LHMIHML LW
s(t) = sz(t)cos(2m ft) g O
- 2 0 SR E—
2rft), ifa =1 < -05|
_| cos@mfih), 1ta, S W
09 lf an = O 0 1r 2r é trl é
Time t/TS

Main features
Error rate = Fair, Power efficiency = Fair, Complexity = Excellent
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Binary Phase Shift Keying (BPSK)

Message sequence

Digital modulation
sp(t) = exp(jﬂm(t)) .
= 05¢
= cos(zm(t))+ jsin(7zmm(t)) €o L1 L 1
1, if a, = 0 ’ 1 2 Time3t/TS ’ i 6
_Zaz [ — nT oy = 1 ifag =1 RF signal
NRZ signal g,
Pulse shaping (rectangular) 5_1_ UV VT WV VIV
0 1 2 . 3 4 5 6
g (Z‘) _ a ngrec (t _ n]-;) Time t/TS
5 z ? t Constellation
Analog modulation r _ SBQ|
cos(2m f,t), 1ifa =0
s(t) =s5(t)cos(2m f,1) = - '
-cos(2xft), 1ita, =1
Main features “ SBI
Error rate = Excellent, Power efficiency = Good, Complexity =
10
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Quadrature Phase Shift Keying (QPSK)

Message signal Message sequence
< 1 ' ' : ' ‘
M =4 —> Two binary sequences m,(t), m () gog
< L . ! L
_ . . 0 1 2 3 4 5 6
Digital modulation & pulse shaping Time +/T_
O | : ‘ ‘
o (1) = exp(jm () +expljGmmg () +712)) 5o _
0 1 2 3 4 5 6
= cos(7zmI (t))+ Jj cos(an (t)) Time /7,
= Zazm5(t—nTS)+jZa2Qn5(t—nTS) ) | RF Slgnql
< 1
n n % 0
SB(t):ZaZIngrect(t_nT;)+jza2Qngrect(t_n]—;) <%—10- 1 2 3 4 5 6
n n Time t/T
Analog modulation Constellation
SBQA

(1) = 55, (1) COS(27 ft) — S, (1) SIN(2TT f 1)

=2 coS(27 fyt +atan(sy, (1), 55, (7))

I

=

Main features
Rate = Good, Error = Excellent, Power = Good, Complexity = Fair
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6

5

4

o = N W
T T

Quadrature Amplitude Modulation (QAM)
Message sequence

1

0

Message signal
M =16 —> Two 4-level sequences m(t), m,(t) 3
. . 5
Digital modulation & pulse shaping “ob .
0 1 2 3
Time’c/Ts
3_
32
2
<<
0 . . : N
2 3 4 5 6
Timet/TS

Scatter plot
' °

sp(t) = SDI(t)+jSDQ(t)
Constellation M =16

Spi (1) = 2m1(t)_\/ﬁ+1 = Za4ln5(t_nTs)
DQ(t) 2mQ(t)_r+1 = ”Za4Q o(t—nT)

sg(t) = Zaﬂngrect(t nT)+]Za4Qngrect(t nTy)

3re®

2+

1

1

_2,

Analog modulatlon
(1) = 55, (1) OS2 ft) — S, (1) SN2 f £)
— \/ so () + Stq (1) cos(2m f,t + atan(sg, (¢) SBo (1))

_ 2

Main features
Rate = Excellent, Error = Fair, Power, Fair, Complexity = Fair
Wireless Communication Engineering
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Binary Freq. Shift Keying (BFSK)

BPSK modulation
EJD (t) = Z a2ngrect (t o nT;) ) MeSS?ge lseqll_jen(l;e
BFSK modulation :%og I
0 1 2 4 5 6
SB (t) = COS(H(t)) +J sm(é’(r)) Time /T
0(1) = ”Aff_t Sp(T)dT RF signal
1 l l l ‘ \
1 do(r Af . £ of
fB(t)= ( )= fSD(t) 5—10 1, é WHVY VYWY
2J[ dt 2 Time t/TS
Analog modulation |
s(t) = cos(0(t))cos(2 f,t) — sin(6(2))sin(27 f, t) Csonstellauon

St
= cos(27 £t +6(1)) = cos 2 (f, + A% 5.(0O)) /

Main features
Rate = Fair, Error = Fair, Power = Excellent, Complexity = Excegllent

\~——
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Minimum Shift Keying (MSK)

Differential representation of phase

onT) =[5, (r)dr

= TAf

Jn-1T,

= \Ta,, +6((n-DT,)

Modulation order (BT factor)

Condition on constant phase difference

wAfTa, =k 72’

k=1

Main features

Rate = Fair, Error = Excellent, Power = Excellent, Complexity

June 21, 2018

Message sequence

Amplitude
o
o v =

6

4 5

O T

" 5 (s +0((n-1T)

1 2 3
Time t/ TS

RF signal

Amplitude
o

k
AT ==
=5

MSK

Wireless Communication Engineering

Time t/TS

Constellation




Pulse Shaping Filter

Rectangular pulse

Pulse shaping filter g 0;'
g (1) El 1 L
SD (t) Pulse SB (t) ! . lilorrnalizez time lt/jl'0 N
) shaping S ; "
SD (f) SB (f) §.05
<
S S— K 2 3
Sy (t) — Ig(’[)SD (Z‘ —'Z')dz' Normalized.freouencvﬂ'
Nyquist pulse
S 2 S o 1} l l l i
Sa (N =IGNI S5/ ﬂ/\ﬁ
£
< o0

4 6 8 10 12
Normalized time t/T

AN

0 : : :
-3 -2 - 0 1 2 3
June 21, 2018 Wireless Communication Engineering  Normalized frequency fT 19

—_
T

Trade-off between
bandwidth & inter-symbol interference

Amplitude
o
o1




Nyquist Pulse

Frequency response Frequency response

G(f)= | 5
Y /AN S =023
1 0 |ﬂ _ 1_—a 4_% 0.8 _
s = 0.6
1 - | . E 04}
. 4 +a
- p{-sn(zemon)) e \

-3 -2 -1 0 1 2 3
(\ HTa < ‘fj—; <1 Normalized freauencv fT
Impulse response

) Role-off factor 2 ——
Impulse response | N = oo
N ot Zero cross e ;/ \

S| — | COS| —— |every symbol period z * ,/ \\
g j !
L s 1
T 1= _2 ot No inter-symbol S e
1 T interference R,
S Normalized time t/T
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(Gaussian Pulse
Frgqugncy reslponfs.e

Frequency response
9) 14
G(f)=exp|-| L
" 1 i
Je 3dB bandwidth g ||
B ot g k0 /)0
=—, = ¢T Tar o 04
2 N2 \V2In2 |
S B E e S
G(f) — eXp — 2ln2 E Normalized frequency fT
Impulse response
0.16 T : : . -
Impulse response o1l I
: O |
T T 2 9
g(t)= Bexp| - (Bt) E|
2In2 2In2 R
< 0.06}
0.04} T
0.02} A ‘ :
I B
Normalized time t/T
17

Sharpest response in both freq. & time
Wireless Communication Engineering
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Summary

B Digital modulation _
{ * Amplitude

* Phase
* Frequency

Sp(t) = sp (1) + JSpo () = f(M(t))

Data rate, power efficiency, complexity, error rate

B Pulse shaping (band limitation)
* Rectangular
s, (f) = j g(r)s,(t—7)d T { + Nyquist

 Gaussian

Bandwidth, error rate

B |Q analog modulation
(1) = 55, (1) OS2 ft) — s, (£)SIN(27 f 1)

Carrier frequency
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Experiment

i
e 5
sssssss LR
L

June 21, 2018

/Osilloscope
» TDS 3034B (Tektoronix)
» Time domain analysis

 Constellation (X-Y) analysis )

-

Spectrum analyzer
« FSQ 26 (R&S)
» Spectrum analyss

~

Signal generator
« SMJ 100A (R&S)
* Modulation, pulse shaping

Wireless Communication Engineering
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BPSK(QPSK) + Rect. Pulse

BPSK
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QPSK + Nyquist Pulse

Rectangular pulse Nyquist pulse
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BFSK + Rect. Pulse

MSK

?» ROHDE&SCHWARZ

June 21, 2018

Tektronix 105 50040

FSQ26 - SIGNAL ANALYZER - 20 Hz ... 26.5 GHz

Wireless Communication Engineering
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MSK + Gaussian Pulse

Nyquist pulse,

23
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